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FOREWORD
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efforts of NWL, Dahlgren, NWC, China Lake and NWS, Yorktown. The report has
been reviewed by H. P. Caster, Head, Project Engincering Division, and F. W,
Kasdorf, Assistant Head, Test and Evaluation Department.
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L. T. BLADES, CDR, USN
Head, Test and Evaluation Department
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: The bomb survivability in fire program was initlated to determine the hazards
‘,_ . that exist when bombs are exposed in a carrier flight deck fire (fast cook-off) and
> to investigate methods of minimizing or eliminating these hazards.

-

i All M117, AN-M65 and MARK 80 serles bombs employed in the program were

exposed in a JP-5 jet fuel fire environment that simulated u flight deck ) 3
= conflagration. : @

The severity of reaction, time to reaction and, when pertinent, internal
time-temperature information were obtained. Also determined from the program

3 were: (1) relationship of bomb size, explosive load and fuzing configuration to f
cook-off time and severity of reaction, (2) influence of aireruft structure on bomb
cook-off time and severity of reaction, (3) likclihood of bomb cook-off after %
8 ' abbreviated heating periods, (4) adequacy of water and aqueous film forming foam 5
R : (light-water) as cooling measures for preventing bomb cook-off, and (5) effect of 3
% elevated temperatures on bombs subjected to accidental ejection from parked aircraft .
- or other accidental drops on board ship.
: The results of supporting tusks investiguting quick fire starting, wind effects, ;
* internal thermocouple design, inert filler, water and light-water rates apparatus design, '
gjection cartridge cook-off, evaluation of fire retardant paints and computer studies :
. and analysis are also presented.
-}
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1. INTRODUCTION

The USS FORRESTAL conflagration exposed a deficiency in the knowledge of
hazards associated with the reactions of general purpose bombs in o flame
enveloping environment. In order to determine these hazards so that effective means
of minimizing or climinating them can be developed, the Naval Weapons Laborutory,
Dahlgren was assigned by References | and 2 the task of manuging and conducting
simulated carrier flight deck fire (fast cook-off) research on ordnance,

Research was conducted relative to explosive load, fuzing configuration, bomb
size, heat flux effect und aircraft structure influence on cook-off. In order thut tests
would be truly representutive of a flight deck conflagration, supporting tasks were
conducted to investigate quick fire starting, wind effects, internal thermocouple
design, inert filler, water and light-water rates apparatus design, ejection cartridge
cook-off, evaluation of fire retardant paints and computer studies and analysis,

Due to its complexity the Bomb Survivabllity in Fire Progrum was divided into
several phases of investigution, specifically:

Phase | Fust Cook-off of selected bombs - involved in  the
USS FORRESTAL conflagration.

Phuse 1A Hazards of Comp-B explosive londed bombs when reacting,

Phuse 2 Bomb size, fuzing configurations und cxplosive load
relationships to cook-off,

Phase 2A  Cook-off of bombs when positioned just above the deck.

Phuse 2B  Alrcraft structure influence on cook-off' time and severity of
reaction.

Phase 3 Likelihood of bomb cook-off after abbreviated heating
periods using inert bombs.

Phuse 3A  Water and light-water cooling measures for preventing bomb
couk-off while bomb is exposed in flames.

Phase 4 Verificution of Phuse 3 results using explosive loaded bombs.

Phase 5 Additionul hazards due to impact of bombs at eclevated
temperatures,

et 2 B sl i e L
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1. OBJECTIVES

;! The prime objective of the Bomb Survuvability in Fire Program was to
determine the fast cook-oft characteristics of bombs exposed in a flame environment
under conditions representative of a CVA flight deck conflagration that might occur
during launch and recovery operations. Equally important objectives of a generai
nature were to: (u) Determine the relative cook-off characteristics of Comp-B, H-6
and TRITONAL explosives in different bombs and bomb configurations, (b) Provide
duta to ussist in establishing fire fighting procedures where bombs are involved, and '
(¢) Provide data useful in the design of future weapons, The program was divided :
into several phuses whose specific objectives were us follows: '

Phase 1| To provide carly information on fust cook-off time and
severity of reuction of selected bombs  Involved in the
USS FORRESTAL firc.

Phuse 1A To confirm the Thigh-order (detonution) reuctions that
occurred  durihg  Phase | with  Comp-B  explosive  loaded
bombs,

Phase 2 Determine the relutionship of bomb size, explosive lond and

,;' fuzing configuralion to  vcook-off fime and  scverity of
reaction. Bombs positioned horizontally approximately 3.5
g feet ubove the fire surfuce to simulate their position when
racked to an aircraft wing,

s

7 Phase 2A  Determine cook-off time and severity of trcaction of a bomb
) positioned just above the deek.

2 Phuse 2B To determine what influence, it any, the presence of afreraft
structures have on cook-off time and severity of reaction.

Phase 3 Potermine by the use of inert bombs  the internal
temperature rise rates and air cooling rutes of bombs,

g Phase 3A  Determine  if  pre-heated  bombs  could  be  cooled  while
engulfed in flames.

Phase 4 Verify, that the internal temperature rise rates and cooling ;
3 rates of Phase 3 are characteristic of explosive loaded bombs. R




Phase § Determine if any additional hazards exist if a live pre-heated
bomb is forcibly cjected onto a steel deck.
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III. TEST CONFIGURATIONS AND GENERAL PROCEDURES

Busically, tust cook-off tests were conducted by suspending @ bomb, or bombs,
over g jet tuel fire then recording time to and degree of reaction. The environment
duplicated wus  representative of a worst cuse condition for bombs exposed in a
CVA flight deck fire, However simple this procedure may appear, much preparation
was required before fests could be conducted.

The ground area to be used us the test site was cleared und leveled, An
carthen retaining wall, approximately one-foot high und one-foot thick. wus built to
the desited length and width, This retaining wall constituted the test pun boundary,
The pun was then lined with polyethylene to retain a few inches of wuter, which
provided a level surfuce to flont the JP-5 jet fucl used us the energy source for all
fires., Enough fuel was floated on the water base to insure flame engulfment and
reaction. of the bomb(s) under test. Bombs were suspended horizontally by their lugs
from a frame structure constructed of heavy pipe secured to beams and positioned
in the center of the test pun, Figure 1 s an example of a bomb positioned for
testing In a cook-oft pun. The bomb’s height ubove the fuel surfuce wis determined
by the informution required from the test, Thirty gullons of gasoline were poured
over the JP-5 fuel surfuce for quick spreading of the fire, {nstrumentation was then
checked out and all personnel were culled into shelter. A count down was begn
and at time zero the fire was started by remotely detonating four thermite grenades,
placed one in cach comer of the test pan. Also at this time, all temperature
recording and  timing  devices were  sturted. The  test was  visually  observed  for
complete  flume  ongultment und  time to  reaction of the bomb being  tested,
Obscrvations were made through a perdscope und on o closed circuit TV recviver
located in the shelter. A mirror was also positioned outside the shelter for viewing
from the shelter doorway,

Initlully many tests had to be postponed becuuse of excessive wind (4 knots or
above) at the test site. In order to overcome this difficulty, a pit 8 teet deep and
35 feet square was constructed as shown in Figure 2. A chimney effect, to foed air
to the fire, was achicved by the placement of large feeder pipes on cach slde of
the pit. Successful fast cook-off tests were conducted using the pit in winds up to
20 knots.

Most  cook-oft  tests  conducted  were done in cither the pit or pan. The
exceptions were the bomb cooling tests of Phases 30 3A and 4. In these cooling
tests, control of the flame envitonment was critical, thercefore a slant test pan was
constructed  whereby the fire could be removed when desired, This was accomplished
by designing the slant pan with o 10-degree stoping bottom  and o remotely
controlled  drop gate at the lowest end (Figure 3). Water was then added to the




e R T N A M N T A T O S L T W TR AT T A .,

o '~ a Aot T atlis o i e b

Bunsaj o) ioug ued JJ0-I00D B Ul pauoIsOd QWO 28 MNHVWN V

1 34NOI4

]

B s by bt s




R e - |

e

TE

0O

FIGURE 2

A MARK 82 Bomb Positioned in a Cook-Off Pit
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slant pan until a level surface approximately 24 X 24 fcet was obtained. JP-§ jet
fuel was then floated on the surface. The bomb under test was suspended
horizontally above the fuel surface and the firc ignited as previously described. When
the bomb reached the desired internal temperature, or a specific amount of time
had elapsed, the gate was dropped, immediately releasing the water and burning fuel
into a reservoir some distance from the test site.

The need to standardize some of the basic fast cook-off test configurations and
define the flame environment so that all agencies conducting such tests could
correlate data was recognized. On 20 May 1969, a bomb fast cook-off meeting was
held at NWL and attended by all interested agencies of the Navy, Army and Air
Force. A preliminary document was drafted and agreed upon for fast cook-off test
specifications for MARK 80 series LD bombs. A revised version of the document
and the accepted NAVORD definitions for the varlous cook-oftf reactions are
presentod in Appendix A,
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IV. INSTRUMENTATION

Instrumentation consisted of motion picture and still camera coverage for
documentation, pressure measurements to help determine severity of reaction, and
temperature measurements of the flame environment at the bomb. When nccessary,
thermocouples were placed inside the bomb between the body and hot-melt
(interface) to determine (1) the origin of reaction, (2) temperature rise rate during
heating, and (3) interface temperature at the time of reaction. In some cases,

_thermocouples were placed in the center of the cxplosive load and on the nose and

tail fuze wells to study the temperaturc profile in these arcas.

Two motion picture cameras were positioned (behind fragment shelters) 90°
apart and upwind of the test arca. When the cook-off pit was employed, the
motion picture cameras were elevated to a height of approximately 30 feet on
portable stands. Black and white stills were mude before and after each tost.

Plezoelectric lollipop pressure gauges were positioned 50 feet from the bomb
under test at four different locations to measure the pressure wave,

When thermocouples were placed inside the bomb, its interior surfuce wus
thoroughly cleaned with a reliable solvent that removed all substunces such as grease,
rust, hot-melts, or any foreign substance that might have an adverse effect in
secuting the thermocouple to the bombs interface.

Iron-constantan thermocouples, manufactured by NWL, were used to measure
both external and internal vemperatures because of their accuracy at the more
critical lower temperatures. The iron-constantan wire used was Type J, AWG #24
asbestos and fiber gluss coated, manufactured by Leeds and Northrup Company. The
two conductors were thoroughly cleaned, twisted, and then arc-welded, forming a
bead junctlon. The external thermocouples were placed in a horizontal plane
coincident with the center line of the bomb being tested. The lead were protected
(bead junction only exposed to the flame environment) by encasing them in asbestos
tape and then covering them with Duc-seal (a pliable asbestos base compound). Four
external thermocouples were used, one at cach end and one at each side, six inches
from the bomb. Thermocouples that were placed internally (Figure 4) were
positioned at 90 degrec intervals around the nose, center and tail section, and
secured in place by welding, cementing or with small strips of Scotch Brand
Aluminum tape. The bomb’s internal conduit system was removed and the conncctor
(top center of the bomb) was used as the exit point for the thermocouple wires.
This exit point was then sealed with an epoxy and asbestos sealant creating a high
pressure and flame proof closure.
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TC2/
TC.B'"
= i
\ 3
144 TL

2 TL

3/4 TL

THERMOCOUPLES ARE LOCATED BETWEEN THE HOT MELT AND METAL CASE
TL=-TOTAL LENGTH OF BOMB

NOSE FUZE WELL
TC| =L
TC o o|TC4 |oTCe TC8O TCl2
TC?
FRONT SECTION MID SECTION REAR SECTION

(SECTIONS VIEWED FROM
FRONT )

FIGURE 4

Location of Iron Constantan Thermocouples in Bombs Tested
in the Bomb Survivability in Fire Program
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(N At the test site, with the bomb propetly positioned, both external and internal _»

thermocouple leads were made into a bundle and thermally protected by covering “;.3
: them with 3-inch asbestos pipe covering and a wrapping of aluminum tape, The i
ST leads were brought overhead or underground into a small junction box located next
to the pan or pit and connected to an iron-con-tantan extension cable of AWG #20
g wire, -The extension wire was run underground to a field control box where a
. constant temperature electric oven was used to generate the 150°F used as a
reference for all temperature measurements. The temperature signal was then
| transmitted on copper wire to the insttument van some 750 feet away where .
T -calibrations were mude and data recorded. A high sensitive linegraph, self-developing B
. photographic paper manufactrued by Kodak Company was used to record the signals ¥
E from a Model 133 electromagnetic oscillograph manufactured by Consolidated e
Electrodynamic Corporation. The oscillograph employed a Type 315 galvanometer
= with a natural frequency response of 100 hertz. Sixty-cycle frequency filters were
placed in the circult to reduce extraneous readings.

At the bomb sheiter, a timing recorder, that started simultanously with the
ignition of the thermite grenades, was used to accutrately determine time to reaction.
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V. SPECIFIC CONFIGURATIONS PROCEDURES AND RESULTS
A, Phase | — H-6, TNT and TRITONAL Loads

Six tests were conducted with a representative sample of the different
bombs that were on board the USS FORRESTAL at the time of the conflagration.
The explosive loads selected did not include Comp-B, later determined to have been
on board during the fire. Consequently, Comp-B loaded bombs were tested under
Phase 1A. All bombs had live nose fuze/booster combinations, and live tail fuzes
installed. A brief summary of the tests is presented in Table | with a more detailed
accounting and photographs appearing in Appendix B.

In all the above tests, the flame temperatures were below the average of
1650°F experienced in subsequent fires, In none of the tests did the nose
fuze/boosters or tail fuzes react before the bombs. In Tests Pl-1 thru P-4, all
reactions were much the same In that the bombs, when deflagrating, btoke into
saveral large pieces with burning and nonburning pieces of unreacted explosive being
scuttered about the test site. Minor shock waves were created and damage to the
witness panels was minimal. In Test PI1-5, the bomb was loaded with TNT and
reacted higher order (explosion) than the H-6 loaded bombs. The highest order
reaction (partial detonation) was experienced in Test Pl-6 with a TRITONAL loaded
bomb, A significant factor in this test was thut the TRITONAL bomb had no
cavity hot-melt, It Is strongly suspected that the absence of cavity hot-melt
contributed to the higher order reaction. since subsequent TRITONAL louded bombs
with hot-melt thut were tested, generally deflagrated.

B. Phase 1A — Comp-B Loads

In Phase 1A, only Comp-B louded bombs were tested to complete that
portion of the survivability program dealing with the USS FORRESTAL
Investigation. All bombs tested were equipped with live nose fuzes and In some
cuses live boosters. No live-tail fuzes were employed. Table 2 is a brief summary of
Phase 1A tests with a more detailed accounting and photographs In Appendix B.

Upon detonating, the AN-M65 and MI117 bombs reacted in or very near
their design mode. Fragments were scattered over seversl thousand yards of the test
area, The severity of the blast resulted In the formation of large carth craters which
necessitated rebuilding of the test site for each test.

The two MARK 8! bombs cxploded and tossed large pieces of the bomb
body up to 150 feet from the point of reaction. Unreacted explosive, some burning,
was scattered about the area.
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TABLE 2

BOMB COOK-OFF
PHASE 1A TEST SUMMARY

: Time to .
! Test . Fuzing Reaction :
| No. Bomb Nue Booster Tail (min:sec) Reaction! |

. PIA:l  AN-M65 M904E2  None Plug 1:25 Detonation '

b PIA2  AN-M65 M904E2  None Plug 2:10 Detonation

Lo P1A-3 MARK 81 M904E2 T45E7 None 2:15 Explosion ’

. P1A-4 - MARK 81 M904E2 T45E7 None 1:55 Explosion ?

B P1A-5 M117 M904E2 T45E7 None 2:00 Detonation !

ol ‘ P1A-6 MI117 . M904E2 T45E7 None 2:14 Detonation

L ! ' :

i ! Reactlons, as definud in Appendix A were originally lstod only ux high or low order, ‘
|
|
| C. Phase 2 — Bomb Characteristics
n
i

Phase 2 served as that part of the program in which most of the bomb
basic cook-off characteristics were determined. A total of 44 tests were conducted
: with M117 and MARK's 81, 82, 83 und 84 bombs, These bombs are representative
é of the ones found on board aircraft carriers and their approximate specifications are
listed us follows:

Minimum Enmpty Approx. Bomb

Wall Thickness Weitht Explosive Surfuce Arcu
Bomb (inches) (1bs) (Ibs) (in?)
MARK 81 0312 160 100 1310
MARK 82 0.400 313 192 1870
MARK 83 0475 514 445 4260
MARK 84 0.562 1000 946 6800
M117 - 390 360 4200
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The M904E2 nose and M990E! tail fuzes, and T45E7 adapter boosters were
employed in this phase of testing. Bomb fuzing configurations were varied as can be
seen from Table 3. In addition, thick und thin walled M1 fuze extenders were
cooked off,

In Tests P2-1 through P2-25, the bombs were internally instrumented as
shown in Figure 4, lined with approximately 1/8" of cavity hot-melt (the nortnal
amount), then filled with either the Navy H-6 or Air Force TRITONAL explosive
load. By insturmenting the bombs, ull of the basic cook-off data, heating rates and
temperatutes at reaction were obtained, It wus also possible to study some of the
dynumic conditions and occurrences within u bomb during the heating cycle up to
time of reaction,

In Tests P2:26 through P2-44, all bombs were lined with approximately
1/8" of cavity hot-melt and then filled with Filler-E, an inert compound developed
for the Army with hoeat transfer charactoristics similar to those of H-6 explosive,
Detailed information on Filler-E may be found in Reference 3. In‘this setles of
tests, fuze and booster cook-off characteristics were investigated. A summuary of all
tests conducted in Phase 2 may be found In Table 3. Detailed test data with
photographs are presented in Appendix C.

In Tosts P2-1 through P2-25, H-6 and TRITONAL explosive londed bombs
were exposed in a cook-off environment and the following results obtained. No high
order (detonation or partial detonation) reactions occurred. When the bombs reacted,
burning and unburned explosive was tossed over the test site ancd the bombs broke
into several large pieces.

(a) All the explosive bombs, with one exception. deflagrated; Test No.
P2-11, loaded with H-6, which exploded.

(b) In every case, thc bombs reacted before the fuzes; however, when
fuze reactions did occur (after bombs roscted) some were high order.

(c) A comparison of time-to-reaction vs explosive load of the same type
bombs shows that both H-6 and TRITONAL cxplosive louded bombs
react in the same time frame, whereas, Comp-B loaded bombs (as seen
from Table 2) react ut a higher order and in a shorter time.

(d) The uaverage interfuce temperature at the time of reaction for H-6

loaded bombs was 557°F and for TRITONAL loaded bombs the
average temperature was 537°F,

15
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(e) The maximum interface temperature rise rate for various types of bombs

was: M117 — 3.7°F/sec., MARK 81 - 3.7°F/sec., MARK 82 - 4.3°F/sec.,
: MARK 83 - 3.9°F/sec. and MARK 84 — 3.5°F/sec. The overall average
¢ temperature rise rate for all bombs was 3.8°F/sec,

,.‘ The average cook-off times for the various bombs, disregarding the | '{:‘:

. explosive load, was: g

he 2

L M 117 3 minutes 23 seconds | il

S MARK 81 3 minutes 7 seconds |

, E MARK 82 3 minutes 9 scconds '

¥ MARK 83 3 minutes 0 seconds
} MARK 84 4 minutes 4 seconds

Tasts P2-26 through P2-44 using inert bombs and live fuzes and boosters,
yielded the following results:

() For the worst case, live M904E2 nose fuze/T45E7  booster
4 combinations reacted in n longer cook-off time (6 minutes 10 seconds)
g and a higher order reaction (detonation) than the M904E2 nose fuze
; in  combination with un adapter plug (3 minutes 48 seconds;
deflagration),

! (b) The live T45E7 booster with an inert fuze resulted in a deflagration
! in 7 minutes 38 seconds.

3 (¢) Minimum time to cook-oftf for the M990EI tail fuzes was 22 minutes 2
§ when conical tail fins were Installed; without the conical tail fins the k.
minimum time to cook-oft was 16 minutes 54 seconds. ’

(d) M-1 fuze extenders tested were Comp-B explosive loaded and divided
into two categories, that is, thin and thick walled, The thin walled
extenders deflagrated in 2 minimum time of 2 minutes 15 seconds,

. whereas the thick walled extenders detonated or exploded in a

minimum time of 2 minutes 25 seconds.

- D. Phase 2A - Effect of Contiguous Heat Source

Four tests were conducted in Phase 2A. The MI117 and MARK 84 bombs
selected for these tests were positioned 9 lo 12 inches above the fuel surface ns
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shown in Figure 5. The bombs had M904E2 nose fuzes and T45E4 adupter boosters
but no tail fuzes installed. Tuble 4 is o brief summary of Phase 2A test results.
with details and photographs appearing in Appendis C.

TABLE 4

BOMB COOK-OFF
PHASE 2A TEST SUMMARY

; Inches  Time to
: Test Explosive Fuzing Above  Reaction
L ' No. Bomb Load Nose Booster  Tall  Fuel  (minisec)  Reuction
3.':'_ . P2A-1  MII7? TRITONAL MY0412 T45E4 None 9 §5:25 Deflugration
PRA-2  Mi117 H-6 MY04E2  T45E4  None 9 3:00 Deflngration
R P2A3 'MARK 84  TRITONAL M904E2  T4SE4  Plug 12 337 Explosion
{); . P2A4 MARKS84 He M904E2  T45E4  Plug 12 3:23 Dotlugration
- '
T E. Phase 2B — Influence of Alrcraft Structures
.
F- To study the influcnce of aircraft structures on cook-oft time and severity !
of reuction, It wus decided to conduct tests on bombs in close proaimity to an {
3 , sircraft wing, The wing structure wus sclocted because the mujority of afreruft curry .
i" their bomb loud under the wing. Figure 6 shows o typical test scet-up used in this ]
. phase of testing. Of the cight tests conducted, six were without Tuzes attuched to ,
: the bombs and two with fuzing. A summary of Phase 2B results s presented in F.
'; Table 5, post tost photographs and detailed results ure presented In Appendix B
A
TABLE & 3
;

BOMB COOK-OFF
PHASE 2B TEST SUMMARY

Time to

Test Explosive Fuzing Reaction
No. Bomb Load Nose Booster Tail (minisec) Reaction
P2B.1  MARK 81 H-6 Plug None Plug 2:06 Explosion
P2B.2 MARK B! Hsé Plug None Plug 1:50 Explosion
P2B-3 MARK 8! Hé Plug None Plug 2:04 Explosion
P2B-4 MARK 82 H6 Plug None Plug 2:12 Explosion
P2B-5 MARK 82 H6 Plug None Plug 2:04 Exploston
pP2B.6  MARK 82 H-6 Plug None Plug 2:12 Explosion
P2B-7 MARK 84 16 M904E2 T45E4  MYYOE! 3:38 Partial Detonation
P2B-8 MARK 84  TRITONAL MO04E2 T45L4  MYOLI 230 Deflagration
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The first reaction occurring during each of this series of tests was the
burning of the aircraft wings. This was followed closely by the bombs reacting. The
unfuzed MARK B81 and 82 bombs exploded, whereas one of the fuzed MARK 84
bombs partially detonated and the other deflagrated. Large portions of the burning
and unreacted explosive loads were found in all tests where explosion or deflagration
occurred. In test P2B-7, the partial detonation scattered fragments several thousand
feet from the test site. The average time to bomb reaction was:

MARK 81 2 minutes 0O seconds
MARK 82 2 minutes 09 seconds
MARK 84 3 minutes 34 seconds

F. Phase 3 - Abbreviated Heat Input (Inert Bombs)

. Unfuzed, inert Filler-E loaded MARK 81 bombs were used In ull Phase 3
tests, The bombs were suspended 3 feect 4 inches at their lowest point above the
fuel surface. All tests were conducted in the slant pan so that control of the flame
environment could be maintained. All bombs were instrumented as shown in
Figure 4 and lined with the normal (1/8-inch) thickness of hot-melt boefore Inert
loading. The internal remperature rise rate was recorded und after a pre-determined
time the flames were removed and the air cooling rate recorded. A brief summary
of Phase 3 results are presented in Table 6, the more detailed time-temperature data
are presented In Appendix D.

The average internal temperature risc rate for MARK 81 bombs was
calculated from the above data to be 4.0°F/sec and the average air cooling rate was
0.47°F/sec.

G. Phase 3A — Cuoling Measures

The MARK 81 and 82 bombs employed in Phase 3A testing were
instrumented as shown in Figure 4 The bombs were lined with the normal
(1/8-inch) thickness of hot-melt before being inert loaded with Filler-E. The bombs
were then suspended 3-1/2 feet at their centeriinz above the fuel surfuce. The slant
pan was used in the tests in order that control of the flame environment could be
maintained.

Since the NBC (nuclear, bac:ieriological, and chemical) washdown system
exists on CVA's (Figure 7), the question of its effectiveness when used as a fire
fighting and/or ordnance cooling device durivg a conflagration wus raised. The first
bomb cooling tests were conducted using water (salt and fresh) at an application
rate of 0.03 gal/ft?/min which simulated the flow rate of the NBC washdown

22
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FIGURE 7

A View of CVA 62 With Her NBC Washdown System Activated
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system. Tests were also conducted with a water application rate 0.48 gal/ft?/min in
a deliberate over test. Water application rates were determined under 4 no-fire
condition, therefore the rates do not reflect the amount of water reaching the
bombs when they were engulfed in flames. A view of the system employed is
shown in Figure 8. The two sprinklers were located one on elither side of the bomb
and were positioned approximately 12 fect away and 4 feet above the bomb. Thirty
degree injection type *“‘full jet” nozzles manufactured by Spraying System Company
dispensing a full cone spray pattern were employed, The spray pressure could be
varled in order to obtain the desired application rate. A summary of the four tests

conducted are presented In Table 7, the more detailed time-temperature data are
presvnted in Appendix D,

TABLE 7
WATER SPRINKLER TESTS SUMMARY
PHASE 3A
Internal Internal Max,
Temp. Rise Temp. Rise Temp.
Application  Rate System System On Rate Systam System Off in
Test Rate Inactive After Time-0 Active After Time-0  Bomb
No.  (gal/ft* /min) CF/sec) (min:sec) (°F/sec) (min:sec) °F
P3A-1 0.03 5.0 1:00 5.0 3:00 738
P3A-2 0.03 5.5 0:52 5.5 3:04 773
P3A-3 048 1.7 1:00 1.7 2:00 . 239
PiA-4 048 34 1:00 34 3:00 a52

A comparison of bomb temperature tise rates during the times the
sprinkler system was passive and then active, does not show any cooling effect on
the bombs. However, decrease in flame temperature of approximutely 20% was
recorded after the sprinkler system was activated. Water was observed impinging onto
the bomb after flame build-up.

Evaluation of the NBC washdown system was continued by employing
3/4-inch Grennell §-110-438 flush deck nozzles that are used on carrier NBC
washdown systems, The philosophy of test design was onc of positloning the bombs
in an optimum cooling configuration so that in the cvent tests were unsuccessful no
further tests would be needed. In the first test scrics, a flush deck nozzle was
positioned directly under the bombs as shown in Figure 9. In this configuration the
center water plume of the nozzle was impinged directly on the bottom of the
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FIGURE 9

th.

Flush Deck Nozzle Positioned Directly Under a MARK 81 Inert Instrtumentai

A Single

Directly Onto the Bomb

Notice the Center Plume of the Nozzle |
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bomb. In the remaining tests, nozzles were positioned on either side, 10 feet away
and perpendicular to the bomb as shown in Figure 10. These tests were designed to
simulate ordnance ideally positioned between two nozzles with the side spray of
each Impinging on either side of the bomb. The pumping system used in all NBC
washdown system evaluation tests is shown In Figure 11, A 1000 gallon water
storage tank was positloned on the back of a flat bed truck. Water was pumped
from the tank by a ‘‘Hale™ pump capable of delivering 350 gpm. From the pump,
2 2-1/2-inch fire hose was coupled to a 1-1/2-inch water pipe that connected to the
sprinklers. A water pressure of 60 gpm was used in the single nozzle configuration
and 75 gpm in the two nozzle configuration. These pressures were maintained at the
nozzles by regulating a hand valve in the system. A summary of the result of three

tests conducted are listed in Table 8 and the more detailed data are presented in
Appendix D.

TABLE 8

FLUSH DECK NBC WASHDOWN SYSTEM
WATER COOLING TESTS SUMMARY

PHASE 3A
Internal Internal
Temp. Rise Temp. Rise Cooling Rate
Pressure  Rate System Rate System Fire System On

Test No.of InSystem Inuctive System On Active Removed  System On
No. Nozzes  (PSI) (°F/sec) (min:nec) (CF/sec)  (minisec)  (°F/sec)

P3A-S 1 60 3.

; s 1.00 1.5 5:00 0.60.8
P3AS 2 75 2. 0.56 1.8 1:51 10
PAT 2 75 16 0.54 1.6 1:28 0.2

An examination of the data shows very little difference in the bomb
internal temperature rire rate before or after the NBC system was activated. Some
improvement was noted in cooling the bombs after the fire was out as compared
with the air cooling rate in Phase 3, Table 6.

Three water cooling tests with fire fighting personnel were conducted. Fire
fighters, positioned from 50 to 70 feet from the bomb, applied water over the
outside surface of the bomb from a I-1/2-inch hand held fire hose, Flgure 12.
Personnel were positioned at various angles (from 10° to 50°) to the bomb’s nose
or tail section to help determine the effective angles of water application,
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% : A standurd hose nozzle producing u fairly tight stream of water was
dirccted onto the bomb in such a manner as to have the water completely cover its
outside surface. Water application rutes were varied from 60 to 90 gpm. A summary
of results of the three tests conducted are listed in Table 9 and the motre detailed
data arc presented in Appendix D.

TABLE 0 !

SUMMARY OF WATER COOLING TESTS EMPLOYING FIREMAN

’ Internal Intornal

! Water Tomp, Rise Time of Bomb Max. Cooling
- o Dativery Rats Water internal Rute Stablizing  Time Fire
O Tost Rate Angle of No Water  Application Temp Water On Temp Out
o : No.  (GPM)  Applleation CF/nc) (min:eec) F) CH/mc) CR) (mintsec)
L P3AE 60 10°-18°Tall 46 1140 330 5.0 110 6:00
,T" " P3IAS 60 45°-50"Tall 34 1:10 260 ° 26 110 1:25
SR PIA-10 95 30°38°Nose 24 (130 415 2.5 1o 6:00

Water applied at rates of from 60-95 gpm and ut ungles of from 10° to
S0° to the nose or tujl section of the bomb cooled the bombs while they woere
“engulfed In flames. In all tests where water was properly and continually applied,
internul bomb temperatures stabilized at 110°F. (250°F is consldered critical for
these tests.)

The same series of cooling tests as previously discussed were conducted
using foaming ‘“‘light-water” chemical mixed with fresh or salt water. “Light-water”
concentrate FC-194, manufactured by the 3M Company, is a product buased on the
. « chemical action of flurochemical wetting agents, Its uction stems from its ability to X
: make water float on flammable fuels which are tighter than water. In all the
following tests, the “light-water” used consisted of a 6% solution mixed with fresh
or salt water, Three sprinkler tests were conducted. A summary of rosults is L
presented in Table 10, the more detailed time-temperature data are presented in
i . Appendix D, ‘
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- TABLE 10

“LIGHT-WATER" SPRINKLER TESTS SUMMARY

PHASE 3A
Internal

‘g Temp.
o Rise Rate Internal
Yol Application  System System On  Temp, Rise Rate  System Off

. Test Rate Inactive  After Time 0  System Active  After Time¢0  Max. Temp.

i No. (ga/ft3/min) (°F/sec)  (min:sec) CF/sec) (minisec)  In Bomb °F ‘
- P3AI1 003 17 315 1.7 6:40 508 ‘

2 PIAIZ 003 12 1:31 32 3:00 680

it PIAIS 003 15 1112 3.5 3:00 710

!

. , ! Flame build up tima was 2 minutes,

o No change in the bomb's internal temperature rise rate was noted when
5 the sprinklers were on or off. The application of such a small quontity of
“light-water” had no measurable effect on extinguishing the test fire.

Three “light-water” cooling tests were conducted with a single flush deck

nozzle (Grennell S8-110-438) positioned directly under the bomb. A summary of

o results is presented in Table 11 and the more detailed time-temperatuce data are
Loy presented in Appendix D.

: A small decroase in the temperature rise rate was noted in the bombs . é
i : tested, however, cooling of the bombs did not take pluce. It was noted that the ‘,(,
i test fires were effectively extinguished by the upplicution of “light-water™, i
= :
R The final six “light-water’ cooling tests In Phase 3A were conducted with %
A fire fighting personnel (see Figure 13). The procedures employed were the same os ,
%‘; 3“ those used in tests P3A-8 thru P3A-10 inclusive. The first three tests were done :
{".:, “ w’th a *“light-water” application rate of 60 gpm and the final three delivering ;
4 i
S 1
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TABLE 11

FLUSH DECK NBC WASHDOWN SYSTEM "LIGHT-WATER"” COOLING TEST

PHASE 3A
Internal Internal Cooling Rate
Pressure  Temp. Rise Rate  System  Temp. Rise Rete Fire Fire Out
Test  InSystem  System Inactive On Systen Active Out System On
No. (PS1) (°F/sec) (min:sec) (°F/nac) (min:sec)  ("F/enc)
P3A-14 75 35 1:10 15 2125 0.5
P3A-15 60 2.3 1:40 1.1 2:35 0.7
P3Ale 60 35 1:12 2.7 2:00 01

95 gpm. A sumnmary of results i§ presented in Table 12, the more detailed
time-temperature data are presented in Appendix D,

No appreciable decrense in temperature rise rate in the bombs was noted
while “lzht-watar wus applied over the bomb’s surface with the otdnance engulfed
in flames. No attempt was made to extinguish the fires but because to the
“lignt-water” fulling off the bomb into the test pit the fire was out in 2 to 4
minutes, No stabilization of temperature in the bomb was noted after the fire was
out and “‘light-water” was being applied.

H. Phase 4 — Abbreviated Heat Input — HE Loaded Bombs

All ordnance used in the nine tests conducted were MARK 81 bombs.
Some of the bombs were fuzed (see Appendix E) in order to gather udditional data
on fuze effects. A Lrief summary of test results are presented in Table 13 and the
mor¢ detailed time-temperature data ave presented in Appendix E.

The average internal tomperature rise rate for explosive loaded MARK 81
bombs, calculated from the data presented in Table 13, was 4.4°F/sec and the
average air cooling rate was 0.41°F/sec. The bomb used In Test P4-3 did not react
and was reused three days later in Test P4-4, In Test P43, the highest average
temperature at 1 inlnute: 40 ssconds into the test was 336°F and in Test P4-4 the
average temperature at reaction was only 278°F,
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The best example of an exothermic reaction was observed in Test P4.9. In
this test, afier the fire was removed, all but one of the thermocouples showed the
bomb to be cooling at a rate of 0.5°F/sec. The exception was thermocouple No. 7
which continued to show a temperature incressc in the bomb until it deflagrated
38 seconds after the fire was removed.

I, Phase § — Impact Tests of Heated Bombs

In the hot drop tests of Phase S the bombs were suspended by a 1/2-4nch
stoel cable 6 feet above the fuel surface (Figures 14 and 15). Two Inches below the
fuel surface was a one-nch steel plate 8 X 8 feet square that simulated u carrier
deck. After the bomb wus pre-heated it was remotely released by means of a
cartridge activated cable cutting guillotine (Figure 16) and allowed to strike the steel
plate, thereby simulating a pre-heated bomb being forcibly ejected onto a steel deck
due to. gjection cartridge cook-off. Additional tests were conducted on live ejection
cartridges installed in triple ejection racks (TER) with mixed live and inert
MARK 81 bomb louds, In Tests PS-1 through P5-4, the bombs were pre-heated for
approximately 2 minutes (interface temperature about 250°F) und then dropped. In
no cuse, did a bomb react on Impact. Reaction did occur after impact and ranged
from 2-1/2 to § minutes. In Tests P5-5 und P5.6, the aluminum TER racks melted
at upproximately 2 minutes releasing the bomb load. The cartridges wete heard to
deflagrate intormittently starting at 2 minutes 47 seconds after start of the test. The
dotailed data and post test photographs are presented in Appendix F,
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FIGURE 16
A Close-Up View of the Cable Cutter and Anchor Platform Employed
Phase 5 Cook-Off Tests
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VI, CONCLUSIONS

A. General

Bombs exposed in a flight deck conflagration present a serious hazard to
personnel, equipment and aircruft when reacting, The hazards result primarily from
bomb case fragments that can be scattered over a large portion of the flight deck,
also unreacted, burning explosive that can kindle new fires over the deck.

A study of data from Phases 2, 3, and 4 shows that a fairly even
temperature distribution exists over the inside surface of bombs exposed in a fast
cook-off envitonment,

The likelihood of bomb exothermic couk-off after a short heating petiod is
possible. That is, if a bomb is exposed to extreme hoat for less than the 2 or 3
minutes required for cook-off, an exothermic condition could exist in the explosive
fill and the bomb continue to reaction,

Fifty-three bomb tests were selected from applicable phases of the program
because they closely followed the specifications outlined in Appendix A. The data
from these tests are presented on the next page in a summary of reactions and
reaction times listed by bomb type und explosive load.

From the condition of the unreacted oxplosive oxamined after HE loaded
bomb tests in fires, along with data from instrumented live bomb tests, it is
concluded that the asphalt hot-melt liner has melted as has a portion of the
explosive load and the two (asphalt and melted explosive) have mixed. It was
determined, Reference 4, that asphalt and oxplosive when mixing in a  heated
condition uaccolerate the rate of thormal decomposition of the explosive. Therefore,
whon temperatures exceed 450°F at the bomb interfuce, gas evolution of the
mixture becomes relatively fust, resulting In a shorter cook-off time.

B, Phases 1 and 1A

Time to and severity of cook-off resctions of Comp-B loaded AN-M6S
bombs tested at NWL were In  agreement with cstimates obtained in  the
USS FORRESTAL conflagration (Reference §).

Results of tests conducted reveal that the probability of a detonation (high
order reaction) of a Comp-B loaded bomb in u rolatively short time Is extremely
high while the probability of achieving u detonation from fast cook-off of an H-6
loaded bomb is unlikely. As a possible resson for Comp-B being more sensitive than
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i%
;o BOMB FAST COOK-OFF SUMMARY
. . Mean Shortest
i3 | Reaction  Rerction
Number Explosive Time Time
Tested Bomb Load (minisec) (minisec) Type of Reaction
k- 13 MARK 81 H&6 2:32 1:50  Explosion and
. : deflagration
3 MARK 81 TRITONAL  2:35 1:56  Explosion and
. ! deflugration i
: 2 MARK 81 Comp-B 2:05 1:55  Explosion |
‘o 9  MARK 82 H-6 3:00 2104  Explosion und !
k. _ deflagration |
MARK 82 TRITONAL 3:.00 2:56 Detlagration
MARK 82 Minol 3:22 3:18 Deflagration
MARK &2 PBXW-107 3:42 3:38 Deflagration
‘ MARK 83 H-6 2:53 2:32 Deflagration
, | | MARK 83 TRITONAL  3:07 2:56  Doflagration
o 5 MARK 84 H-6 3:43 3:02  Deflagration
A 4 MARK 84 TRITONAL  4:09 3:23  Deflagration
] 4 M7 H-6 3:22 3.00  Deflagration :
4 M7 TRITONAL ~ 3:59 2:55  Deflagration
; j 2 M117 Comp-B 2:07 2:00 Detonation _ ‘
(“:. ; '
1 Tests conducted, but not purt of thi- program, which may be of interost to the roader. ;
‘.” o . ‘\ . ;}\‘ o Ly it oyttt U :“' oy ‘ (-l: ‘ I "“r B Ild “‘.‘ L ), A 4
. i i doncobo i M A g S Sk i e R N o




H-6, it is suggested in Refcrence 6, that the presence of aluminum powder in the
explosive may reduce the possibility of a cook-off detonation since H-6 is Comp-B
with 20% aluminum powder. Bomb fuzes or boosters did not initinte uny of the
reactions,

C. Phases 2, 2A and 2B

A slight increase in time to cook-off was noted as bomb size incressed. It
Is felt that bomb wall thickness (larger bomb, thicker wall) and area of bomb
exposed to the fire environment may be a contributing factor. The order of reaction
for larger bombs (MARK 84) was no greater than that for smaller ones
(MARK 81),

Both TRITONAL and H-6 loaded bombs (of the sume size) had essentially
the same reaction times und the same type of reaction (deflugrution or explosion).
Comp-B explosive loanded bombs, generally reuct In u shorter time thun TRITONAL
or H-6,

All fuze reactions were observed to take place after the bomb's HE load
reucted. Some of these fuzo reactions were observed to be detonutions. While the
probubility of fuze cook-off triggering a bomb reuction iy small, a fuze can react in
n short time as evidenced in Test P2-29 where the fuze cooked off in 3 minutes 48
seconds.

The M990E1 tuil fuzes do not present u cook-off huzurd. Thelr reactions
aro low order (deflagration) and occur at about 17 minutes, It Is interesting to
note, anid will prove helpful in the bomb cook-off fix program, that the conlenl tail
fins protect the tail fuze from cook-off by ubout 6 additional minutes,

On the following page iIs o summary of the fuze and booster cook-off’ data
from Phase 2 of the program. ;

Internully instrumenting bombs to ucquire temperuture datn did not alter
the bomb's cook-off characteristics.

In u standard fire, as defined in Appundix A, the temperature rise rate in
all types of H-6 and TRITONAL louded bombs uverage 4.0°F/sec and the bomb
interfuce tempeorature at time of reaction was between S00°F und 560°F.

Bombs positioned just above the fire surfuce cook-off within the same time
frame and react with the same severity sy do bombs positioned 3 to 8 feet abowve
the flume surface,
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BOMEB FUZE/BOOSTER FAST COOK-OFF SUMMARY

Mean Shortest

f Reaction  Reaction

i E Number Explosive  Inert Time Time Type

* : Tested Device Tested Load Bomb (min.sec) (min:sec) Reaction
7, -

:;‘?{ d 2 904E2 Nose Fuze Tetryl MK 81 7:35 6:10 Detonation

| T45%7 Booster Tetryl

i |

i : 3 904E2 Nose Fuze Tetryl MK 82 4:05 3:48 Deflagration
: ; 3 T45R7 Booster Tetryl MK 82  7:57 7:38  Deflagration
i , 31 . MY990E! Tuall Fuze Tetryl MK 82  29:18 22:00  Deflugration
U (Conical fins

E: | installed) |
E 3! M990E! Taill Fuze Tetryl MK 82 19:53 16:54  Deflagration
F" : (No c¢onical fins)

: |

E 62 M-l Fuze Comp-B MK Bl  3:12 2:15  Detonation
§;’- ‘ Extender MK 82

d

, 'Teat firon wers out from 11,5 to 15 minutos aftor start of tosts,

} 1M-1 oxtonders which reucted first us roported were installed between live TASET ndupter boostors und MIOAE2 nose fuzes,
i

S

ﬁ ‘ The presence of an ajtcraft structure, such as a wing, does influence
o : cook-off time und severity of reaction in that cook-off times are shorter by
' £ approximately one minute and sevority of reaction is increased, gencrally, from
5 i deflagration to cxplosion,

f‘ '

.

i . D. Phases 3 and 3A
’v:I :
¢ ¢ The overage intornal (interfaco) temperature rse rate of inert Filler-l
i ! bombs when cxposed in o standard cook-off environment (Appendix A) was
4,0°F/sec which correlates well with the live coxplosive loaded bomb temperuture
19 ! duta recorded in Phase 2. The average air cooling mte was 0.47°F/sec,
é“'. ! 179
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The use of sprinklers placed on either side of a MARK 81 bomb,
dispensing 0.03 to 0.48 gal/ft?/min of water or light water onto a bomb cngulfed
in flames, ure not sufficient to cool or appreciubly decreuse the rate of heat
trunsferred to the bomb. However, in the cuse where water was used, it was noted
that the flame temperature at the bomb was reduced by approximately 30%.

When flush deck nozzles were tdeully placed on cither side of u MARK 8l
bomb and activated so that water or light-water impinged on the bomb, no offective
cooling resulted,

In the case whore a flush deck nozzle wus positloned directly under
MARK 8! bomb so that the center water or light-water plume of the nozzle
impinged on a small area of the bomb, cooling took pluce in the aren of
impingement but elsewhere on the bomb the internul temperature continued to
Increuse,

It is concluded that bombs engulfed in a JP-5 jot fucl fire cannot be
cffectively cooled by u sprinkler system (dispensing ratos up to 0.48 gal/ft?/min) or
the NBC wushdown system currently on board curriors, whoen those systems aro
dispensing fresh wator, salt water or light-water, However, with the NBC wushidown
systom cispensing light-water the firos were quickly oxtinguished.

For the water cooling tests employing a 1-1/2" hand held fire hose
delivering 60 to 95 gpm It is concluded that when water or salt water is applied to
the bomb surface at an ungle of trom 10° to $0° to the nose or tuil section, the
bomb can be cooled while ongulfed in flames. The water or salt water must be
applied in such a manner as to continually and complotely cover the outside surface
of the bomb. In cooling tests employing a 1-1/2" hand held fire hose applying
light-wuter, no adoquate cooling of the bomb was experienced, however, the
light-wuter was ceffective in putting out the fires.

E. Phase 4

The uverage internal (interface) tomperature rise rute of the live explosive
londed bombs tested in a standard cook-off environment Phase 4 wus 4.4°F/see
which correlates extremely well with the live oxplosive loaded bomb data ot Phase 2
und the inert Filler-E bomb average heating rate of 4.0°F/sec of Phuse 3. The
average alr cooling rate of 0.41°F/sec in the phase also compures fuvocabiy with the
0.47°F/see alr cooling rate of Inert bombs of Phase 3. It is therctore shown that
the thermal churacteristics of the inert compound Filler-E are similar to those of
H-0 and TRITONAL explosives when loadod in a bomb and exposed in a flame
environment,
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b F. Phase 5

: Fre-heuted bombs when forcibly impacted onto u steel deck did not reuct

! from the impact, T -refore, it is concluded that no additional hazard exists when a

E, ; pre-heated bomb is forcibly cjected onto a steel deck.

i -

E’,:‘_s; 5 When triple ejector racks (16R), made primarily of aluminum, were louded

b 5. with live ejection rartridges and bombs ahd- cooked off, the TER first melted

fu- allowing the bombs to full. Later, when cartridge cook-off occurred, the reaction

E | was 50 mild that it did not trigger the ¢je-tion mechanism, Consequently, It is folt i
b 3 that very little possibility oxists of bombs on a TER rack being forcibly cjected duc '

to cook-off of the cjection cartridges.
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Vil. RECOMMENDATIONS

It was recommended to and approved (Reference 7) by the Naval Air Systems
Command that all Comp-B loaded bombs be removed from carrier operavion. In
addition, the following recommendations are made:

(a)
(b)
(c)

(d)

(e)

(f)

®)

That cook-off testing of ordnance be incorporated as part of the standard
weapons clearance for carrier use.

All carrier personnel be made aware of bomb cook-off characteristics and
be instructed in procedures for fighting fires where bombs may be present.

That light-water be used in the carrier NBC washdown system to help
control jet fuel fires that might occur.

Bombs exposed in or near a fire be disposed of quickly because of a
possible exothermic reaction and that prior to disposal, water be
continualiy applied over the bomb surface to retard the exotherm,

In a flight deck fire water be applied to bombs adjacent to the fire to
prevent their cooking off,

That the current fix program as defined in Reference 8 be continued.

A method for the abatement of smoke produced In cook-off test fires
currently being investiaged ot NWL be continued.

It is suggested that a fire fighting technique be considered whereby teams of
firctighters be trained to confront a carrier conflagration by dispensing light-water to
control and extinguish the fuel fire and water applied to the bombs to cool them.




VIIl. SUPPORTING TASK OBJECTIVES

Owing to a Jack of knowledge in some of the areas pertinent to conducting
the weapons survivability in fire program a supporting task plan was formulated. The
tasks were divided into several catagories that are listed as follows:

1. Quick Fire Starting. Experiments were conducted to determine a
method which provides almost instantaneous ignition across the fuel surface.

2. Wind Effects.  Temperatures at various heights within the flame
| environment of still and wind hlown JIYP-§ fires will be studied to determine the
|

effect of wind on flame Intensity. !

S : 3 Internal Thermocouple Design. This involves design of hardware for
1 mounting thermocouples internally and “pussing the leads via an external connector . i
& without” defeating the integrity of the bomb case. } »j\‘
. -
! i g
P 4, Selection of Inert Filler. A litersture scarch was conducted to find a 3 %
‘8 l filler closely matching H-6 and TRITONAL explosive thermal properties (specific »lf,!
| heat, conductance, melting point, etc.). The filler was used In bombs to conduct A
S heat transfer characteristic analysis. g
3 ; s, Water and Foam Rates — Apparatus Design, Piping und nozzle layouts ‘
‘,-, | were designed to provide spruy rates comparable to those of the NBC washdown ?
i system, :j',
'} 6. Evaluation of Fire Retardant Paints. In order to economically test and ;
evaluate inturacscent, subliming or ablating fire retardant paints that might be used
.2 } to prolong bomb cook-off, a cylindrical (pipe) test was devised. ;
7. Computer Studies and Analysis. A heat transfer computer program was
. . written such that it simulates the cook-off process and can be used to predict
. }2} ’ cook-off time under a variety of flame enveloping conditions.
b The results and conclusions from experiments conducted and literature
b’ : searches are presented in Appendix G,
B
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STANDARD FAST COOK-OFF TEST 3
SPECIFICATION FOR BOMBS b

1.1 FAST COOK-OFF TEST ARRANGEMENT

; 1.1.1 Test Pit or Test Pan Size -- Minimum test pit or pan size for fast cook-off . -,.3"
bt testing is 24-foot square and maximum size is 35-foot square. i

A 1.1.2 Construction of Test Site — The test arca may be constructed on ecither a
semi-permanent basis with steel plates, or if the test area Is expected to be
destroyed by the test, it may be constructed from carth and polyethylene. .
- Construction may be in the form of a pit in thu ground or a pan on the surtace '
of the ground. ‘]

1.1.2.1. Test Pit — The test pit is embedded in the grecund and the walls banked to
a height of approximately eight feet. Around the perimeter of the pit, plpes are
placed on ecach side to furnish oxygen to the flame. (As an example, sec Figure 1))

| - 1.1.2.2 Test Pan ~ The test pan Is constructed on the surfuce of the ground. The x
applicable dimensions are obtained and earth is clevated around this perimeter to 9
form a mound of approximately 8 to 12 inches in height. Polyethylene is then g
placed over the pan and mounded walls, (As an exumple, see Figure 2.)

1.1.3 Flame Surface - To ensure a level surface for the flame, water should be
/. used to completely cover the bottom of the pit or pan before the fuel is added.

2 1.1.4 Fuel Specifications — Fuel to be used should be JP-S aircraft fuel when '-{
available. JP-4 aircraft fuel us an alternate.

1.1.4.1  Quantity of Fuel — The quantity of fuel used should be sufficient to cause p
g u reaction of the ordnance being tested, or ensure a fifteen minute fire, whichever
is shorter. (For example: 1600 gallons of fuel in the 25 ft sq. test pit or pun and i
2000 gallons of fuel in the 35 ft. sq. test pit or pan, will sustain a fire for ‘
approximately fifteen minutes.)

1.1.42 Fuel Ignition - To ensure fuel ignition in a minimum time, twenty gallons 3
of gusoline and/or one gallon ecther should be added after the fuel is poured.
Maximum pit or pan size requires an addition of thirty gallons of gasoline and/or
one gallon of ether. K.
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1.1.4.3  Uniformity of Fuel Ignitions - A flame-producing device should be used to
initiate the fire. Such devices us thermite grenades with blusting caps, squib or
powder bags, ctc. may be used. These devices should be located in at least the four
corners of the pit or pan to initiate burning over the entire fuel surfuce as rapidly
as possible and should be clectrically or remoteiy ignited from a sheltered arca.

1.1.44 Flame Buildup — The flame¢ buildup time to 1000°F should not exceed
thirty seconds.

1.1.5 Weather Conditlons (Test Pit Only) - For a test pit, u wind of 20 knots
or less measured within 1000 feet of the test site is ucceptable.

1.1.5.1 Weather Conditions (Test Pan Only) - For a test pun, a varluble wind of
up to 3 knots measured within 1000 feet of the test site is acceptuble.

1.1.6 Average Flame Temperature — An average flunie temperature of 1650°F or
groater at the test item(s) will bo considered a good test. This temperature is
determined by averaging the flame temperature from the time the flame reaches
1000°F until it drops below 1000°F or until (in the cuse of live ordnance) there is
a reaction from the item(s) being tusted.

1.2 TEST ITEM(S) PLACEMENT

1.2.2 Height of Test Item(s) (Live and/or Inert) Above Fuel - The minimum
height a test item(s) should be suspended (meusured from the item(s) centerline)
above the fuel surface is between thirtysix and sixty-six inches.

1.22 Suspension of Test Item(s) — The test item(s) should be suspended by the
lugs (if applicable) usod to attuch to the aircraft. The centerline of the item(s)
should be parallel to tho fuel surface and centered in the test pit or pan.

1.2.2.1 Test Stand — Test support stand should be of such construction as to

withstand the fire environment and suprort the ordnance under test for the duration
of the test.

1.2.3 Test Item(s) Configuration — The following configurations are to be used:

a, All-up round; lLe., including operational fuzes and fin assembly.
b, lnm"t fuzes and no fin assembly.
¢ Additional operational configurations as required.
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1.3 INSTRUMENTATION

1.3.1 Thermocouple Locations (External) —~ A minimum of four iron-constant or
chromelalumel external thermocouples should be located in a horizontal plane
coincidental with the centerline of the test item(s), spaced equally around the test
item(s), one at each end and one ut each side. These should be one to six inches
from the surface of the test item(s).

1.3.1.1 Thermocouple Locations (Internal) — Internal thermocouples are located
wherever necessary to obtain an accurate time-temperature history and accessibility
permits,

1.3.2 Time Records - Complete time-to-event histories of each test will be kept.
This record may be obtained from the thermocouple records, providing u continuous
thermocouple recording is used., Ignition of the fuel will sorve as zero time. When
the temperature of the fire first exceeds 1000°F (us measured by one or more of
the external thermocouples) is the time at which the test item(s) is considered
engulfed in flame,

1.3.3 Camera Coverage — Color motion ploture cameras should be used to cover
each test. These cumeras should be set up in such a location us to cover the {est
from ut least two directions (90° apart). A normal (25 fps) and a high frame rate
(48-200 fps) camera may be used to provide coverage, Still cameras are also used
for documentary purposes,

1.34 Pressure Measurements — Pressure measurements tay be taken to ald in
determining the severity of the reaction(s) that occurs,

14 DATA SHEET — A complete datu sheet describing the item under test, test
configuration, weuther conditions and test results should be kept.

1.5 DEFINITION OF REACTIONS FOR EXPLOSIVE ORDNANCE AND
ROCKET MOTORS - These definitions are defined in NAVORD OP 5, Vol. 1, Third
Revision and are ropeated here:

A, Detonation (cook-off). Munition performs in  design - mode.
Maximum possible air shock formod. Essentially all of case broken into small
fragments. Blast and fragment damage s at maximum. Severity of blust cuauses
maximum ground crater or flight-deck hole capable by the munition involved.
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B. Partial Detonation (cook.off). Only part of total explosive load in
munition detonates. Strong air shock and small as well as lurge case fragments
produced. Small fragments are similar to those in normal munition detonation.
Extensive blast and fragmentation damage to environment. Amount of damage and
extend of breakup of case Into small fragments increase with increasing amount of
explosive that detonated. Severity of blast could cause large ground crater, or lurge
flight-deck hole on carrler if munition is large bomb; hole size depends on amount
of explosive that detonates.

C Explosion (cook-off). Violent pressure rupture and fragmentation
of munition case with resulting air shock. Most of tetul cuse breaks into large
pieces which are thrown about with unreacted or burning explosive. Sorne blast and
fragmentation damage to environment. Fire and smoke damage as in deflagration.
Severity of blast could cuuse minor ground crater, or smull depression on flight-deck
of cartier If munition is large bomb.

D. Deflagration (cook-off). Explosive in munition burns, Cuse may
rupture or end-plutes blow out; however, no fragmentation of the cuse. No
fragments are thrown about, Damage to environment due only to heat und smoke
of fire. No discernible damuge duc to biust or fragmentution.
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Device Tested:

Date of Test:
Bomb Position:
Fuel:

Pan Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 1
Test No. P1-1
Data Sheet

MI17, 750 Ib. bomb containing cavity hot-melt and H-6 explosive
luad; configured with a M904E2 nose fuze, T45E7 adapter
booster, M990E1 base fuze and M131 low drug fin assembly.

15 August 1967,

8 feet at the centurline above fuel surface.
2000 galions of JP-§ jet alrcraft fuel,

20 X 30 feet.

The M117 bomb was seldom engulfed In flume due to fluctuation
wing conditions,

At 2 minutes 25 seconds after start of fire, the bomb deflagrated
throwing the nose fuze about 100 feet forward of ths bomb.
The tail fuze was found 30 feet on the starboard side of the
bomb, Evidently it was expelled, struck the test stand then
glanced to this position. Examination revealed thot the tail fuze
had burnod. The remainder of the bhomb and unreacted explosive
was found in the test pan, Figure ¥.| is u posttest photograph
of the nose und tail fuze, base pluie and a portion of the bomb
body.
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Device Tested:

Date of Test:
Bomb Position:
Fuel:

Pan Size:

Test Fire:

Results:

FOSITIS TR L

BOMB FAST COOK-OFF PHASE 1
Test No. P1-2
Data Sheet

MARK 81, 250 Ib. bomb containing cavity hot-melt and H-6
explosive load; configured with a M904E2 nose fuze, T45E7
adapter booster, M99QE! tail fuze and conical tail fin assembly.
15 August 1967,

8 feet at the centerline above fuel surface.

B0OO gallons of JP-5 aircraft fuel.

25 X 16 feet,

The MARK 81 bomb was engulfed in flame 45 seconds after
start of fire. The one thermocouple uscd to record [lume
temperature averagod 1000°F for the duration of the test.

At 3 minutes 0 seconds after start of fire the bomb deflagrated.
Large pleces of the bomb and unreacted cxplosive were scattered
up to 60 feet distance from the test stand, At 7 minutes £ §
seconds, the nose fuze deflagrated tossing a section of the bomb
(with part of the fuze still attached) approximately 60 feet from

the test pan. Sce Figure B-2 for a post-test view of the bomb
body.
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FIGURE 8B-2

A Section of the MARK 81 Bomb With the Nose Fuze and Booster Still Attached,

Found 60 Feet From Ground Zero After Fast Cook-Off Test No. P1-2




A BOMB FAST COOK-OFF PHASEI! S
i Test No. P1-3
3 ?‘ Data Sheet
ol :
§‘ Device Tested: MARK 82, 500 lb. bomb containing cavity hot-melt and H-6 ;
{ 3 explosive load; configured with a M904E2 nose fuze, T43E7 :
b i adapter booster, M990E! tail fuze and conical tail fin assembly. 3
ﬁ' ; s
% Date of Test: 16 August 1967, : 71'.2
E‘ Bomb Position: 8 feet at the centerline above fuel surface. f
X 3
1 i Fuel: 1000 gallons of JP-§ jet aircraft fuel. e
¥ b Pan Size: 18 X 35 feet. k

Test Fire: The MARK 82 bomb was engulfed in flame 10 seconds after k

start of fire. The one thermocouple used to record flame
temperature averaged 900°F for the duration of the test,

T e el

Results: At 4 minutes O seconds after start of fire the bomb deflugrated.
Pieces of the bomb, bomb components and unreacted explosive
were scattered up to 200 fee' “»m the test site. At the time of
reaction, a thermocouple locate. on the outside skin at the top
of the bomb was reading 150°F. A second thermocouple under
the tail fin assembly (on tail fin interface) was reading 215°F.

e T

At 7 minutes 15 seconds, a second reaction was observed. The
nose fuze/adapter booster, appeared to have partially detonated
resulting in bomb nose damage as shown in Figure B-3.
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FIGURE B-3

Forward Section of the MARK 82 Bomb After Fast Cook-Off Test No. P1-3

izl Detonation of the Nose Fuze/Adapter Boos::-.

Notice the Condition of the Nose Section Indicating a
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Device Tested:

Date of Test:
Bomb Position:
Fuel:

Pan Stzé:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 1
Test No. P14 .
Datan Sheet

MARK 83, 1000 1b, bomb containing cavity hot-melt and H-6
explosive load; configured with o M904E2 nose fuze, T4SE7
adapter booster, M990E! tail fuze und conical tail fin assembly.

16 August 1967,

8 feet at the centerline above fucl surface.
1000 gallons of JP-§ jet aircraft fuel.

35 X 35 feet.

The MARK 83 bomb was engulfed in flames 9 seconds after
start of fire. The one thermocouple used to record flame
temperature averaged 1200°F for the durution of the test,

At 2 minutes 55 scconds after start of fire, the bomb
deflagrated. Portions of the bomb and unreacted explosive were
scattered up to 250 feet from the test site, At the time of
reaction thermocouples located on the rear fuze and tail fin
interface had reached flame temperature.

At B mnutes 15 seconds a second reaction was observed, The
nose fuze/adapter booster, which were propelled 10 feet from the
test site after the initial reaction, detonated.

The tail section was recovered with the burned out tail fuze still
in position as shown in Figure B4,
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. FIGURE B-4

; Tail Section of the MARK 83 Bomb After Fast Cook-Off Test No. P1-4
' Notice the Burned Out Tail Fuze Still in Position,
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N BOMB FAST COOK-OFF PHASE 1
;5 Test No. P1-5
; Data Sheet .
,E
Device Tested: AN-M65, 1000 1b. bomb containing cavity hot-melt and TNT .
explosive load; configured with a M904E2 nose fuze, base plug
and T142 conical tail fin assembly. i
Date of Test: 17 August 1967 K
Bomb Position: 8 feet at the centerline above fuel surface.
\
Fuel: 1000 gallons of JP-§ jet aircraft fuel :
Pan Size: 35 X 35 feet.
Test Fire: The AN-M65 bomb was engulfed in flames 15 seconds after start
3 of fire. The one the¢rmocouple used to record flame temperature
: averaged 700°F for the duration of the test.
( Results: At 4 minutes 5§ seconds after start of fire, the bomb explosed. d
¢ Large and small portions of the bomb (Figure B-5) and unreacted k
i explosive were scattered up to 250 feet from the test site, At i
j' the time of reaction a thermocouple located on the bomb's outer i
_" skin was reading 340°F; at the tail fin interface the temperature g
] was 330°F and 200°F at the basc plug.
‘ No other reactions were observed.
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FIGURE B5
Pieces of the AN-M65 GP Bomb That Were Reccvered After Fast Cook-Off Test No. Pi-5.
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Device Tested:

Dute of Test:
Bomb Position:
Fuel:

e Pan Size:

Test Fire:

Results:
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BOMB FAST COOK-OFF PHASE 1
Test No. P1-6
Data Sheet

M117, 750 Ilb. bomb without cavity hot-melt, containing
TRITONAL explosive load; configured with a M904E2 nose fuze,
TA5E7 uadapter booster and base plug. No tail fin assembly was

employed.
17 August 1967,
8 feet at the centerline above fuel surface.

1000 gallons of JP-5 jet aircraft fuel.

35 X 35 fect,

The M117 bomb was engulfed in flumes 12 seconds after start of
fire. The one thermocouple used to record flame temperature
averaged 1400°F for the duration of the test.

At 2 minutes 55 seconds after start of fire, the bomb reacted in
a partial detonation, Small fragments and large portions of the
bomb were scattered over a large area. A section of the base
fuze adapter was located 300 fest from the test site. Damuge to
the test pan is shown in Figure B-6.

B-11
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BOMB FAST COOK-OFF PHASE 1A
_ Test No. P1A-1
' Data Sheet

Device Tested: AN-M65, 1000 1b. bomb containing cavity hot-melt and Comp-B
explosive load; configured with a M904E2 nose fuze, simulated
adapter booster tail plug, and box tall fin assembly.

Date of Test: 23 August 1967,

Bomb Position: 8 feet at the centerline above fuel surface as shown in

;‘: Figure B-7,

: | Fuel: 1000 gullons of JP-5 aircraft fuel,

! Pun Size: 35 X 35 feet.

Test Fire: The AN-M65 bomb was engulfed in flame 36 seconds after stust

g |
.
B

B

i
b

of fire, The one thermocouple used to record flame temperature
averaged 1700°F for the duration of the test.

Results: At 1 minute 25 seconds after start of fire, the bomb detonated. g
Some of the fragments recovered after the test are pictured in )
Figure B-8. Witness puanels placed adjacent to the bomb contained !
from 60 to 600 fragment holes per panel and were blown 150 A
to 250 feet from their original position. Some of the fragment A
holes in one of the 10 panels used are shown in Figure B-9. g
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Device Tested:

Date of Test:

Bomb Position:

Fuel:
Pan Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 1A
Test No. P1A-2
Data Sheet

AN-M65, 1000 Ib. bomb containing cavity hotinelt and Comp-B
explosive load; configured with 4 M904E2 nose fuze, simulated
adapter booster; tail fuze plug, and box tail fin assembly.

28 August 1967,

Bottom of bomb touching the fuel surface.

1000 gallons of JP-§ jet alrcraft fuel.

8 X 12 feot,

The AN-M6S bomb was engulfed in flames 12 seconds after start
of fire. The one thermocouple used to record flame temperature
averaged 1000°F for the duration of the test.

At 2 minutes 10 seconds after start of fire, tho bomb detonated
leaving & crater 10 toet in diamoter and 6 feet deep on the

outet rim. Plctured in Figure B-10 is an overall view of the
crater rim,
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Device Tested:

Date of Test:

Bomb Position:

Fuel:
Pan Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 1A
Test No. P1A3
Data Sheet

MARK 81, 250 1b, bomb containing cavity hot-melt and Comp-B
explosive load; configured with a M904E2 nose fuze, T45E4
adapter booster, tail plug, and conical tail fins.

14 August 1968,

3-1/2 feet at the centerline above fuel surface.

1000 gallons of JP-5 jet aircraft fuel.

20 X 18 feet,

The MARK 81 bomb was engulled in [lames 45 seconds after
start of fire.

At 2 minutes 15 seconds after start of fire, the bomb exploded.
Parts of the bomb that were recovered are shown in Figure B-11.

B-19
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FIGURE B-1

Parts of the Comp-B Loaded MARK 81 Bomb Recovered After Exploding
[ During Fast Cook-Off Test No. P1A-3
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Device Tested:

Date of Test:
Weather Conditions:
Bomb Position:
Fuel:

Pan Size:

Test Fire:

Results:

BOMB FAST (OOK-OFF PHASE 1A
Test No. P1A4
Data Sheet

MARK 81, 250 Ib. bomb containing cavity hnt-melt and
Comp-B explosive load; configured with a M904E2 nose fuze,
T45E4 adapter booster, tail fuze plug, and conical tail fins,

22 August 1968

Clear with 3-6 knot wind.

3-1/2 feet at the centerline above fuel surface,
1000 gallons of JP-S jet aircraft fuel.

20 X 18 feet.

The MARK 81 bomb was engulfed in flames 30 seconds after
start of fire.

At 1 minute 55 seconds after start of fire the bomb exploded.
Nose fuze/udapter booster and nose section of the bomb were
recovered after the test and are shown in Figure B-12. The
fuze/booster combination did not react.
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Nose Fuze/Adapter Booster and Nose Section of the MARK 81 CompB Loaded Bomb
Recovered After Fast Cook-Off Test No. P1A4
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1 . BOMB FAST COOK-OFF PHASE 1A
' Test No. P1A-S
Data Sheet

Device Tested: M117, 750 lb. bomb containing cavity hot-melt and Comp-B
explosive load; configured with a M904E2 nosc fuze, T45F4
adapter booster, tail fuze plug and conical tail fins.

Date of Test: 15 August 1968,

Weather Conditions: Clear, temperature BS°F with 2-6 knot wind. ‘

Bomb Position: 3.1/2 feet at the centerline above fuel surface.

Fuel: 1000 gallons of JP-§ jet aircraft fuel

Pan Size: 20 X 18 feet.

Test Fire: The M117 bomb was engulfed in flames 30 seconds after start
of fire.

Results: At 2 minutes O seconds after start of firc, the bomb detonated 4
as ¢videnced by fragment holes und markings on a portion of

! the test stand recovered, Figure B-13. Many fragments were

recovered. The test site was destroyed by the reaction.
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FIGURE B-13

A Portion of the Test Stand Recovered After Fast Cock-Off Test No. P1A5

Notice the Fragment Holes and Marking Denroting 2 Detonation
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Device Tested:

Date of Test:
Weather Conditions:
Bumb Position:
Fuel:

Pan Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 1A
Test No, P1A-6
Data Sheet

M117, 750 b, bomb containing cavity hot-melt and Comp-B
explosive load; configured with a M904E2 nose fuze, 145E4
adapter booster, tail fuze plug, and conical tail fins,

30 August 1968,

Clear, temperature 70°F with 2-4 knot wind.

3-1/2 feet at centerline above the fuel surface.

1000 gallons of JP-5 jot aircraft fuel.

20 X 18 feet,

The M117 bomb was engulfed in flames 35 scconds after start
of fire.

At 2 minutes 14 seconds after start of fire, the bomb
detonated. The witness panels and test site were desttoyed as
evidenced In Figure B-14,

B-25




I DI I IR T NS < T T e e e - e - . LI
- ’

aug 153] 9y 03 sfeweq pie spued SSIULM S JO UONINLSS] ORON
9Vid "ON 1531 §§0-%00D I1sed JEYY 2US 1531
#1-9 34NOM4

v
v’

B-20

e e e Sl A e AL A e Wi ‘Pl




\uq e A

s e e

- '
i -
. \ "
.
.
' . Y y ! T .
S e B il o i) T

fer e o RN RTE AV Lk fr R 8 R PRAT T ¥ 1S A

Y

Tha e ST K -

e el B e e e S

as LSt




AU 1L v L £ T e e s

\ BOMB FAST COOK-OFF PHASE 2
Test No. P2-1
Data Sheet
Device Tested: M117, 750 Ib, instrumented bomb loadu | with H-6 cxplosive;
configured with a nose fuze plug, tail fuze plug and conical
tail fins.
Date of Test: 7 February 1968,
Weather Conditions; Cleur with 0-3 knot wind,
Bomb Position: 3-1/2 feet at the centerline above fuel surface,
{ Fuel: 500 gallons of JP-5 jet aircraft fuel.
i Pan Size; 20 X 20 feet.
}
l Test Fire: The M117 bomb was engulfed in flames 60 seconds after start
of fire.
Results: At 3 minutes 35 seconds after start of fire, the bomb

from the test site. Some unreacted explosive was found in the
{mmediate area. A maximum temperatute rise tute of 3.4°F/sec
was recorded in the aft section of the bomb. Thermocouple
locations  are  shown in  Figure C-1 and  complete
ﬁ time-temperature data arc presented In Tuble C-1. A portion of
! the uose sectlon recovered after the test Is pictured in
i Figure C-2.

}
i deflagrated. An overpressure of 1.8 psi wus recorded 50 fot
i
i
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THERMOCOUPLES ARE LOCATED BETWEEN THE HOT MELT AND METAL CASE
TL-TOTAL LENGTH OF BOMB

TAIL FUZE WELL

FRONT SECTION MiD SECTION REAR SECTION

(SECTIONS VIEWED FROM
FRONT )

FIGURE C-1

Location of the lron Constantan Thermocouples in Bombs Testad
for Phase 2 of tho Bomb Survivability in Fire Program



TABLE C-1

THERMOCOUPLE TEMPERATURE AND TIME DATA

FOR M117 BOMB TEST NO. P2-1

(Thermacouple Locations Are Given In Figure C-1)

Thermocouple Number!

Time 2 3 4 [ 6 7 8 9
(sec) Temperature “F

040 75 8 50 75 50 175 170 105
80 100 145 85 100 85 295 245 160
120 137 195 110 112 85 295 255 205
160 137 290 120 125 100 350 280 275
180 160 315 145 125 125 365 315 315

215 170 330 160 125 370 375 320 315

!Thermocouplo No, 1 duta not listed because of very little tempuuturo'me.
' Thermocouple used in calculating the maximum tempetuture tise rute of 3.4°F/sec,
 Time of reaction.

10

125

165

210

260

295

300

1

185
250
295
315
360

365

122

135
245
365
495
565

565

13

75
85
110
115
135

137
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FIGURE C-2
Nose Section of the M117 Bomb After Deflagreticn During Fast Cook-Off Test No. P2-1
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Device Tested:

Date of Test:

Weather Conditions:

Bomb Paosition:

Fuel:

Pun Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 2
Test No. P2-2
Data Sheet

MI117, 750 Ib. instrumented bomb loaded with H-6 explosive;
configured with nose plug, M99QE] tail fuze and conical tail
fins.

13 February 1968.

Clear with 04 knot wind.

3-1/2 feet at the centerline above fuel surface,

400 gallons of JP-5 jet aircraft fuel.

20 X 20 feet,

The M117 bomb under test was enguifed in flames 30 seconds
after start of fire and remained so for the duration of the
test,

At 3 minutes 20 seconds after start of f{ire the bomb
deflagrated. An overpressure of .68 psi, 50 fect from the bomb
was trecorded. A maximum temperature rise rate of 3.9°F/scc
was  recorded in  the bomb’s tail section. Additional

time-temperature data are presented in Table C-2 and a post
test photograph is shown in Figurc C-3.
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B TABLE C-2 A
fﬂ THERMOCOUPLE TEMPERATURE AND TIME DATA i
I‘OR M117 BOMB TEST NO. P2-2 ‘
3 (Thermocouple Locations Are Given In Figure C-2)
Thermacouple Number! '
Timwe 2 3 4 5 6 7 8 9 10 11 122 13
EL b (sec) Temperature °F
0-40 50 50 5 50 5 60 50 50 70 70 50 S0
3 80 100 125 50 130 90 175 205 130 155 245 150 50
p 120 195 200 78 230 150 260 240 225 275 31§ 230 65
. |
- 160 280 285 105 330 200 390 315 400 360 390 305 65
F &
2 k 190 330 335 142 415 248 435 385 495 370 485 385 65
R &
" ? 2002 360 380 150 430 265 435 395 495 400 485 385 65 :
\ ; 1 Thermocouple No. 1 datu are not listed becuuse of very little tomperature rise.
R 2 Thermocouple used in calculating the maximum temperature rlse rate of 3.9°F/sec.
2 g 3Time of reaotion.
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FIGURE C3
M117 Bomb After Test No. P2-2. Notice the Horizcntal Split
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Device Tested:

Date of Test:
Weather Conditions:
Bomb Position:
Fuel: |

Pan Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 2
Test No. P23
Data Sheet

MI117, 750 lb. bomb loaded with -6 explosive; configured

with a MO04E2 nose fuze, T45E4 adapter booster, M99QE| tail
fuze and conical tail fins.

S April 1968,
Cloudy with no wind.
3-1/2 feet at the centerline above fuel surface.

1000 gallons of JP-§ jet aircraft fuel.

20 X 20 fect.

The M117 bomb was engulfed in flames 50 seconds after start

of fire. Because of no wind, the fluines were directed straight
up.

At 3 minutes 35 seconds after start of fire, the bomb
deflagrated und is shown in Figure C4. Some unrcucted
explosive was scattered around the immediate area. The nosc
fuze and adapter booster were recovered In an  unreacted
condition (Figure C-5). The tail fuze was not recovered and
there was no indication that it had reacted. Thermocouple
instrumentation was lost 106 seconds into the test,
consequently, no time-temperature data arc presented.
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BOMB FAST COOK-OFF PHASE 2

Test No. P24
) Data Sheet
Device Tested: MI117, 750 1b. bomb loaded with TRITONAL explosive;
configured with nose fuze plug, tail fuze plig and conical tail
fins.
Date of Test: 9 February 1968.
F : Weather Conditions: Broken clouds with 0-3 knot wind.
I
Bomb Position: 3-1/2 feet at the centetline above fuel surface.
'
f Fuel: 400 gallons of IP-§ jet aircraft fuel.
i i Pan Size: 20 X 20 foet.
b
§‘ ‘ Test Fire: The M117 bomb was engulfed in flames 20 seconds after start
¥ of fire and remained engulfed to reaction.
4 Results: At 2 minutes 55 seconds after start of fire the bomb :..'
deflagrated. An overpressure of 1.8 psl was recorded S0 feet
- from the test site. No fragments were produced and unreacted i
. explosive was scattered around the tcst site. Large pleces of )
) the bomb were found 50 feet from the point of reaction and :
o are shown in Figures C-6 and C-7.
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FIGURE C6

SPEPERTE SN

Nase Section of the M117 Bomb After Fast Cook-Off Test No. P24
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FIGURE C-7
Parts of the Tail Fin and Aft Plate

Also Showa Are Chunks of Unreacted Explosive After Fast Cook-Off Test No. P2-4.
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g BOMB FAST COOK-OFF PHASE 2
Test No. P2-§
Data Sheet

| Device Tested: M117, 750 Ib. instrumented bomb loaded with TRITONAL

explosive; configured with a nose fuze plug, M990E] tail fuze
and conical tail fins,

Date of Test: 15 February 1968.

Weather Conditions: Broken clouds with 0-5 knot wind.,

Bomb Position: 3-1/2 feet at the centerline above fuel surface.
Fuel: 400 gallons of JP-5 jot aircraft fuel,
Pan Size: 20 X 20 feet.

Test Fire: The MI117 bomb was engulfed in flames 37 seconds after sturt

of fire. Dngulfment was intermittent because of fluctuating
wind conditions.

Results: At 3 minutes 27 scconds the bomb doflagrated. Overpressures

of from .35 to .54 psi were recorded 50 foet from the
reactiont, No fragments were produced and all parts of the
bomb were found in the west pan. Unreacted explosive was
scattered around the area. The bomb body after test is shown
in Figure C-8 and the unrcacted tall fuze in Figure C9.
Time-temperature data are presented in Table C-3.
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FIGURE C38

Body of the M117 Bomb After Fast Cook-Off Test No. P25
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FIGURE C@9

The Unreacted M990E1T Tail Fuze Reeoversd After Fast Cook-Off Test No. P25




TABLE C-3

THERMOCOUPLE 1EMPERATURE AND TIME DATA
FOR M117 BOMB TEST NO. P25

{Thermocouple Locations Are Given In Figure C-1)
Thermocouple Number!

Time 4 6 7 8 92 10 11 12 13
(sec) Temperature °F

0-30 50 70 125 8S 110 70 50 50 50
40 50 90 162 11§ 140 120 200 180 70
80 50 130 275 200 250 230 345 190 80

120 75 170 365 280 355 270 445 190 90
160 BS 220 485 345 435 370 560 240 100
170 85 230 520 365 465 390 580 420 100

2073 95 250 590 380 525 450 525 370 130

' Data from thermocouple Nos. 1, 2,3, 5 und 14 are not listed because of very little temperuturo rsc.
3 Thermovouplo used in culculating the maximum temperature rise rate of 3.3° F/sec.
*Time of reaction.
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Device Tested:

Date of Test:
Weather Conditions:
Bomb Position:
Fuel: |

Pan Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 2
Test No. P2-6
Data Sheet

M117, 750 Ib. instrumented bomb loaded with TRITONAL
explosive; configured with a M904E2 nose fuze, T4SE7 adapter
booster, M990E] tail fuze and conical tail fins,

3 April 1968,

Clear with 0-5 knot wind,

3-1/2 feet at the centerline above fuel surfuce,

800 gallons of JP-5 jet aircraft fuel.

24 X 24 feet,

The M117 bomb was engulfed in flames 72 seconds after start

of fire. Engulfment was intermittent because of fluctuating
wind conditions.

At 4 minutes 10 seconds after start of fire, the bomb
deflagrated. No fragments were produced. Unreacted explosive
was scaftered around the test site. Neither the fuzes nor the
adapter booster reacted. Time-temperature data are presented in
Table C4.
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TABLE C-4

THERMOCOUPLE TEMPERATURE AND TIME DATA
FOR M117 BOMB TEST NO. P2-6

(Thermocouple Locations Are Given In Figure C-1)

Thermocouple Number!

Time 5 6 7 8 10 112 12
(sec) Temperature °F
0-50 65 65 68 65 65 85 60
.80 75 88 105 85 100 135 80
1 120 135 145 180 145 190 245 225
160 180 230 280 215 260 315 325
200 210 260 415 295 365 388 410
| 240 225 438 655 360 430 525 460

250° 232 445 655 340 400 530 440

' Data from thermocouple Nus. 1, 2, 3, 4, 13 and 14 are not listed because of very little temperature tlse,
Thormocouple used In caleulating the maximum tempernture rise rate of 4,0°F/soc,
$Time of reaction,




Device Tested:

Date of Test:
Weather Conditions:
Bomb Position:
Fuel: |

Pan Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 2
Test No. P2-7
Data Sheet

MARK 81, 250 1Ib. instrumented bomb loaded with H-6
explosive; configured with a M904E2 nose fuze, T4SE7 adapter
booster, tuill fuze plug, and conical tail fins,

6 March 1968.

Clear with steady 2 knot wind.

3-1/2 feet at the centerline above fuel surfuce.
350 gallons of JP-§ jet aircraft fuel.

20 X 20 feet,

Flame temperature at the MARK 81 bomb exceeded 1000°F
within 30 seconds after sturt of fire and averuged 1360°F for
the duration of the test.

At 3 minutes 20 seconds after sturt of fire, the bomb
deflagrated scattering unreacted explosive up to 30 feet from
the test site. No fragments were produced but the bomb did
break into several large pieces as shown in Figure C-10. The
unreacted nose fuze and adapter booster are shown in
Figure C-11. Time-temperature data are presented in Table C-S.
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FIGURE C-10
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During Fast Cook-Off Test No. P27

Several Pieces of the MARK 8T Bomb After R
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FIGURE C-11

Unraacted Nose Fuze/Adapter Booster Still In Nose Section of tha Bomb
Aftar Fast Cool:-Off Tost No, P2-7
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‘ TABLE C5
THERMOCOUPLE TEMPERATURE AND TIME DATA

FOR MARK 81 BOMB TEST NO, P2-7 -

(Thermocouple Locations Are Given in Figure C-1) '

Thermocouple Number!

Time 2 3 4 S 6 7° 8 10 11 12 13 14
(sec) Temperature °F
030 S0 55 50 S0 S0 55 S0 50 S0 65 SO S0 | 2
60 SO 8 65 8 60 95 75 60 70 125 60 50 k.
80 50 130 70 110 62 140 115 75 175 160 70 50
120 50 185 75 155 68 200 195 105 290 235 75 50 1
160 60 245 90 205 8O 360 135 155 395 285 75 55
: 190 60 205 110 250 105 475 190 215 415 335 85 65 3
2 2003 60 295 132 250 105 475 190 235 450 335 85 105 ‘
2 y
18 1]
. “Thermocouple Nox. 1 and 9 malfunctioned. ‘
b : 3 Thermocouple used in calculating the muximum temperaturo rise rato of 3.9°F/sec, R
T *Time of reuction, A
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Device Tested:

Date of Test:
Weather Conditions:
Bomb Position:
Fuel: |

Pan Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 2
Test No. P2-8
Data Sheet

MARK 81, 250 1b. instrumented bomb louded with H-6
explosive; configured with M904E2 nose fuze, T45E7 adapter
booster, M990E1 tail fuze and conical tall fins,

12 March 1968.

Intermittent rain with 0-5 knot wind.

3-1/2 feet at the centerline above fuel surfuce.
1000 gallons of JP-5 jet aircraft fuel.

24 X 24 feet,

The MARK 81 bomb wuas engulfed in flames 28 scconds after
start of fire. Engulfment wus intermittent becuuse of fluctuating
wind conditions.

At 3 minutes 20 seconds after start of fire the bomb
deflagrated. No frugments were produced but unreacted
explosive was scattered up to 50 feet from the test site, The
bomb split longitudinally as shown In Figure C-12; also shown
are the unreacted nose fuze/adapter booster still positioned in
the nose section of the bomb and the unreacted tail fuzo
shown in the center of the photograph. Time-temperature data
are presented In Table C-0,
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FIGURE C-12

The MARK 81 Bamb After Fust Cook-Off Tast No., P2-8
Notice the Unreacted Nose Fuze/Adaptcr Booster i the Nose Fuze Well,
The Unreacted Tail Fuze s Visible in the Center of the Picture.
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: TABLE C6 &
{);_ '.,l‘.
THERMOCOUPLE TEMPERATURE AND TIME DATA k
£ FOR MARK 81 BOMB TEST NO. P28 bi' '
E\f f (Thermocouple Locations Are Given In Figure C-1) C
A o
b Thermocouple Number! .
L Tme 3 4 S5 6 7 8 9 10 1? 12 i3 14
| ’ (sec) Temperature °F
? 040 70 60 60 60 70 65 65 65 70 60 60 60 g
v 2
E | 60. 80 65 65 60 75 72 715 95 90 68 65 70 &
i
5 : N
} : 100 174 95 95 73 155 150 140 140 195 125, 115 10§ &
- , 120 350 135 120 88 320 205 185 185 285 165 140°% 130°
oo 160 435 210 200 125 460 300% 315 290 435 265 --- ... - \
4 : | 3
o 180 .-~ 270 245 150 475 --- 380 350 505 340 --- .-

; 2006 --- 290 250 155 470 --- 387 365 485 375 ..r ..o
\ . ! Thermocouple Nos. 1 and 2 malfunctioned. \ -
! 1 Thermocouple used In calculating maximum temperature risc rate of 3.8°F/sec, . oy
. ¥ nstrumentation lost at 160 seconds, 3
b . “Instrumentation lost at 135 seconds, g
” . + Instrumontation lost at 120 wconds,
k. ! Time of reaction. g
\‘ | ,.'
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Bomb Position; 3-1/2 feet at the centerline above fuel surface,
- Fuel: ‘ 1000 gallons of JP-5 jet uircraft fuel.
Pan Size: 24 X 24 foet.
'{ Téut Fire: Flame temperature at the bomb exceeded 1000°F within 33

. Results: At 2 minutes 55 seconds after start of fire, the bomb

BOMB FAST COOK-OFF PHASE 2
Test No. P29
Data Sheet

Device Tested: MARK 81, 250 Ib. instrumented bomb loaded with TRITONAL
explosive; configured with a M904E2 nose fuze, T45E7 adapter
booster and conical tail fins.

Date of Test: 8 March 1968,

Weather Conditions: Cloudy with 0-3 knot wind.

seconds after start of flre and uaveraged 1247°F for the
duration of the test.

deflagrated scattering unroacted explosive up to 30 feet from

the test site. No fragments wer¢ produced but thc bomb did
;. break up into several large pleces, nonc of which were thrown
3 more than a fow fect. The nose section with the unreacted
. nose fuzefudapter booster still intact was recovered and is
. shown in Figure C-13. Time<emperature data are presented in
Table C-7. '
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TABLE C-7

THERMOCOUPLE TEMPERATURE AND TIME DATA
FOR MARK 81 BOMB TEST NO. P29

(Thermocouple Locations Are Given In Figura C-1)
Thermocouple Number!

Time 2 3 4 6 7 8 9 10 112 12
{sec) Temperature °F

0-30 50 55 55 60 60 55 55 60 60 60
60, 78 125 100 105 155 105 100 145_ 175 120
80 97 175 133 150 225 150 225 170 250 165
100 130 230 175 220 260 190 255 270 305 1255

120 160 285 210 265 335 232 315 355 385 270

140 220 355 270 330 420 270 380 420 445 360
160 280 400 310 405 450 320 380 440 495 400

170 302 420 330 455 470 350 375 440 505 380

175% 302 405 343 462 440 350 375 440 540 380

' Thermocouple No. 1 not lsted bucause of low readings und TC & malfunctioned.
Thermocouple used in caletlating the thklmum tonpornture rise tate of 3.57F/sec.
3 Time of reaction,

13

50

110

140

135

125

65

65

65

65

14

30

90

118§

100

95

15

62

60

60
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Device Tested:

Date of Test:
Weather Conditlons:
Bomb Position:
Fuel:

Pun Size:

Test Fire:

Results:

BOMB FAST CQOOK-OFF PHASE 2
Test No. P2-10
Data Sheet

MARK 81, 250 Ib. instrumented bomb loaded with TRITONAL
explosive; configured with a M904E2 nose tuze, T45E7 ndupter
booster, MY990E! tuil fuze and conical tail fins,

14 March 1968,

Cloudy with 0-6 knot wind.

3-1/2 feat at the centerline above fuel surfuce.

1000 gallons of JP-5 Jet alrereft fuel.

24 X 24 foet,

Flame temperature at the bomb cxceeded 1000°F within 52
seconds  after start of fire and averaged 1270°F for the
durntion of the test.

At 2 minutes 55 scconds after start of fire, the bomb
deflugrated  scattering uureacted explosive around the test site.
No fragments  were  produced.  Time-temperature  data are
presented in Tuble C-8,
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y TABLE C-8 3
THERMOCOUPLE TEMPERATURE AND TIME DATA ¥
FOR MARK 81 BOMB TEST NO, P2.10 :
- (Thermocoupie Locations Are Giver In Figure C-1) »(‘
W } ‘.‘
K
0 : Thermocouple Number!
“‘;\:. ‘ ‘l ‘i X
%& Time 3 4 5 6 7 9 11 TR
¥ (sec) Tempcrature °F 3
" o
3 0-40 60 50 45 50 60 70 70

60 90 52 55 65 90 110 110 s

5 . ._!.
I 20 150 70 80 90 185 170 200 S
e -

i | 100 255 90 110 120 285 235 305

4 120 380 115 150 170 365 330 360 .

¥ i
if 140 480 200 200 225 440 390 375
g 160° 565 290 225 250 460 385 “e

! Thermocouple No, 1 not listed because of low reading and TC's 2, 8,10, 12, 13 and 14 malfunctioned.
2 Thermocouple failed at 130 soconds. k"
3 All instrumentetion failod at 160 seconds.
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BOMB FAST COOK-OFF PHASE 2
Test No. P2-11
Data Shect

{i i Device Tested: MARK 82, SOO Ib. bomb loaded with H-6 explosive: configured [
: with a M904E2 nose fuze, T45E7 adapter booster and conical
tail fins. |
: Date of Test: 27 June 1969. :

‘Wenther Conditions: Cloudy with 2-4 knot wind.

Bomb Position: 3-1/2 feet at the centerline above fuel surface.

Fuel: 800 gallons of JP-5 jet aircraft fuel.

Pan Size: 35 X 35 feet.
Test Fire: Flame temperature at the bomb exceeded 1000°F within 3Q
E. seconds  after start of fire and averaged 1540°F for the
duration of the test.
Results: At 3 minutes 6 seconds after start of tire the bomb exploded -}
scattering burning and unreacted explosive up to 150 feet in '
r all directions. The bomb body broke into several picces, the !;
; pieces were found up to 100 feet from the test site. The nose ;'_i
B fuze/adapter booster combination did not react, E
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BOMB FAST COOK-OFF PHASE 2 b

Test No. P2-12 4

Data Sheet »g

Device Tested: MARK 82, 500 Ib. instrumented bomb Joaded with H-6

] explosive; configured with a M904E2 nose fuze, T4SE7 adapter ,_

‘ booster and conical tail fins, i

! ~ Date of Test: 19 March 1968, ‘

i &

‘ Weather Conditous: Overcast with 2-5 knot wind. 8
;-- : Bomb Position: 3-1/2 feet aut the centetline above fuel surface. .
. : :
g ] Fuel: 1000 gallons of JP-5 jet aircraft fuel, 4
A .‘. i |
! Pan Size: 24 X 24 feet, :
I'- . Test Five: The MARK 82 bomb was engulfed in flames 32 seconds after '-;
. start of fire, Engulfment was intermittent because of fluctuating
3 wind conditions.
: Results: At 3 minutes 0 seconds after start of fire, the bomb
’ deflagrated. Unreacted explosive wus scattered up to 40 feet |
. from the test site. No fragments were produced.
Time-tcmperature data are presented in Table C-9. -
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; TABLE C9 :
THERMOCOUPLE TEMPERATURE AND TIME DATA ;
FOR MARK 82 BOMB TEST NO. P2.12 ;
':-;:; 5 (Thermocouple Locations Are Given In Figure C-1) : '
E P
R Thermocouple Number? ! '1
: - i } ")
! Tme 3 4 § 6 7 8 9 10 11 12 P
i ; ' (sec) Temperature °F . -
L 040 60 60 60 64 60 60 80 70 55 60 ;,
3
o 60 % 68 75 75 75 100 110 90 55 60 5
: 80 160 90 120 95 105 150 195 140 150 170 g
" N 100 235 140 200 135 140 220 290 200 270 240 { |
1-,'_.' ‘1 120 335 205 270 170 235 255 260 295 380 310 3
¥ 140 395 270 310 205 300 300 445 370 515 360 |
- 160 450 235 350 257 342 405 S15 425 550 420
b 1631 456 240 353 261 350 415 522 428  --- 425
@
' : ;Dau from thermocouple Nos. 1, 2, 13 and 14 are not listed because of very little tumperature rise.
e Thermocouple falled at 150 seconds,
- ‘% Recorder fulled at 163 soconds,
|
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o BOMB FAST COOK-OFF PHASE 2
P Test No. P3-13
“ Data Sheet
Pﬂ’-ﬁ: Device Tested: MARK 82, 500 1b. instrumented bomb loaded with H-6 ! .
k explosive; configured with a M9Q4E2 nose fuze, T45E7 adapter s
e booster, M990E1 tail fuze and conical tail fins, ' i
E Date of Test: 20 March 1968, f
‘é Weather Conditions: Clear with 2-6 knot wind. :g.::.
E :_ Bomb Position: 3-1/2 feet at the centerline above fuel surface, )
oo | .
o : Fuel: 800 gullons of JP-§ jet aircraft fuel.
L g
Li‘ : Pan Size: 24 X 24 feet, |
' i Test Fire: The MARK 82 bomb wus engulfed in flames approximaicly 40
l seconds after start of fire. Engulfment was intermittent because
N of fluctuating wind conditions. ,
K‘ 1 Results; At 3 minutes 42 seconds after start of fire the bomb
}r‘ : doeflagrated. Unreacted explosive was scattered all around the ¥
y test site. No fragments were produced by the reaction. The '3
3 nose fuze/adapter booster and  tail fuze did not react.
. Time-temperature data ure presented in Table C-10.
3 f;:
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TABLE C-10

THERMOCOUPLE TEMPERATURE AND TIME DATA
FOR MARK 82 BOMB TEST NO. P2:13

{Thermocouple Locations Are Given In Figure C-1)

Thermocouple Number!

Time 3 4 5 6 7 8 9 10 11 12 13 14
(sec) Temperature °F

0-30 60 65 60 65 75 70 65 103 BO 75 65 65
60. 70 82 78 80 112 100 85 120 125 115 65 95
9 105 122 88 105 168 138 108 163 186 145 65 120

120 145 170 100 125 270 170 138 218 305 165| 65 160
150 200 230 135 150 440 214 170 270 385 295 65 165°
180 290 280 1542 170 520 260 218 310 435 340 65 ---
210 415 308 -.- 210 570 340 280 330 535 380 65 .-
2224 480 325 -.. 228 615 356 300 340 S85 400 G4 ---

;Dm from thermocouple Nos, 1 and 2 are not listed bocauss of vory little temporature rise.
Thermouvouple fallure at 170 seconds.

Thermocouple failure at 130 seconds.

4Time of renction.
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Device Tested:

Date of Test:
Weather Conditions:
Bomb Position:
Fuel: |

Pan Size:

Test Fire:

Results:

BOMB FAST COOK-OFF PHASE 2
Test No. P2-14
Data Sheet

MARK 82, 500 1b. instrumented bomb loaded with TRITONAL
explosive; configured with a M904E2 nose fuze, T4SE7 adapter
booster und conical tail fins,

21 March 1968.

Clear with no wind.

3+1/2 feet at the centerling above fuel surfuce.

800 gullons of JP-5 jet aircraft fuel

24 X 24 feet.

The MARK 82 bomb was engulfed in flames 22 seconds after
sta